Purpose: We examined risk of myocardial infarction and all-cause death associated with the extent of coronary artery disease ascertained by coronary angiography in patients with diabetes mellitus. We hypothesized that risks of myocardial infarction and death were associated with extent of coronary artery disease in diabetes patients. Patients and methods: We conducted a cohort study of patients with type 1 and type 2 diabetes, who underwent coronary angiography from 2004 to 2012. Patients were stratified according to extent of coronary artery disease: 0-, 1-, 2-or 3-vessel disease or diffuse vessel disease. Endpoints were myocardial infarction, all-cause death, and major adverse cardiovascular events (MACE), defined as the composite of myocardial infarction, cardiac death, or ischemic stroke. Adjusted incidence and mortality rate ratios (IRRs adj ) were calculated using patients with 0-vessel disease as the reference group. Median follow-up was 3 years for a total of 45,164 person-years. Results: The study included 12,594 diabetes patients. Of these, 3,147 (25.0%) had 0-vessel disease, 1,195 (9.5%) had diffuse vessel disease, 3,001 (23.8%) had 1-vessel disease, 2,220 (17.6%) had 2-vessel disease, and 3,031 (24.1%) had 3-vessel disease. The myocardial infarction rate was 0.4 per 100 person-years (95% CI: 0.3-0.5) in patients with 0-vessel disease. Using patients with 0-vessel disease as reference, the risk of myocardial infarction increased according to the number of diseased vessels (diffuse vessel disease: 1.4 per 100 person-years, IRR adj 3.87, 95% CI: 2.41-6.23; 1-vessel disease: 1.9 per 100 person-years, IRR adj 4.99, 95% CI: 3.33-7.46; 2-vessel disease: 2.7 per 100 person-years, IRR adj 7.14, 95% CI: 4.78-10.65; and 3-vessel disease: 4.3 per 100 person-years, IRR adj 11.42, 95% CI: 7.76-16.82; p trend <0.001). Similar associations were observed for all-cause death and MACE. Conclusion: The extent of coronary artery disease is a major risk factor for myocardial infarction and death in patients with diabetes mellitus.
Introduction
Only a few studies with either short-term follow-up after coronary angiography (CAG) or long-term follow-up after coronary computed tomography have examined the association between extent of coronary artery disease (CAD) and clinical outcomes in patients with diabetes mellitus. [1] [2] [3] We hypothesized that the risk of myocardial infarction (MI) and death is associated with the extent of CAD in diabetes patients. If so, a differentiated characterization of the extent of CAD may have a perspective for more individualized preventive treatment strategies for diabetes patients than currently used.
Assessment of CAD by CAG has been described as a valid prognostic tool in risk stratification of diabetes patients. 4 In the current study, we conducted a median follow-up of 3 years in diabetes patients undergoing CAG to evaluate whether increasing extent of obstructive CAD is associated with incremental MI and death rates.
Material and methods

Data sources
Each Danish resident is assigned a unique and permanent 10-digit personal identifier at birth or upon immigration. This identifier is included in every Danish health registry and enables accurate long-term follow-up data with minimal risk of loss to follow-up. The Western Denmark Heart Registry (WDHR) is a clinical database containing information on all patients referred for diagnostic, invasive, and surgical procedures since 1999 in Western Denmark (population: 3.3 million people). 5, 6 The WDHR has collected data on >240,000 CAGs, including a detailed description of the presence and extent of CAD. In addition to the WDHR, we used the following databases in the current study: the Civil Registration System, which collects data on all Danish residents' vital status (dead, alive, or emigrated); the Danish National Patient Registry, which includes all inpatient and outpatient hospital diagnoses in Denmark; and the Danish National Health Service Prescription Database, which registers data on all reimbursed prescriptions redeemed at Danish pharmacies. [7] [8] [9] According to Danish law, observational registry-based studies require no approval from local or national ethics committees.
Diabetes
Diabetes patients, with type 1 or type 2 diabetes patients, were identified through the WDHR and the Danish National Health Service Prescription Database. 5, 6, 9 In the WDHR, diabetes patients are classified according to their diabetes treatment (insulin ± oral glucose-lowering treatment, oral glucose-lowering treatment, or nonpharmacological dietary treatment) at the time of CAG intervention.
To confirm this information and to include newly diagnosed diabetes patients, we also used the Danish National Health Service Prescription Database to identify patients who had redeemed of ≥1 prescription for anti-diabetes treatment (insulin or non-insulin diabetes medication) within 6 months before and 1 month after CAG. Relevant Anatomical Therapeutic Chemical codes are provided in the supplementary material, Table S1 .
Coronary artery disease
Patients were stratified according to extent of CAD, ie the number of coronary arteries with obstructive CAD (defined as ≥50% angiographic stenosis): 0-, 1-, 2-or 3-vessel disease (VD), or diffuse VD (ie nonobstructive CAD, defined as <50% stenosis in >1 coronary vessel).
Patient selection
All diabetes patients with a CAG procedure registered in the WDHR from July 1, 2004 to July 30, 2012 were included in the study (Figure 1 ). Patients without diabetes were excluded (N=82,980). For patients who underwent multiple CAG examinations during the study period the first CAG was regarded as the index procedure. Patients classified as having no CAD despite previous MI, percutaneous coronary intervention, and/or coronary artery bypass grafting were excluded due to risk of misclassification (N=396). Patients who died or emigrated <30 days after CAG (N=416) also were excluded. All patients were ≥18 years old.
Comorbidity
Comorbidities were evaluated using the Charlson Comorbidity Index score based on ICD-10 codes (supplementary material, Table S2 ) registered in the Danish National Patient Registry. We used a 5-year look-back period of patient history before the study inclusion date.
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A modified Charlson Comorbidity Index score (excluding "diabetes" and "diabetes with end-organ damage") was estimated for each patient on the date of the index CAG.
Medication
Records of treatment with statins, aspirin, adenosine diphosphate (ADP) receptor inhibitors, angiotensin-convertingenzyme (ACE) inhibitors/angiotensin II receptor blockers, β-blockers, and calcium channel blockers were ascertained from the Danish National Health Service Prescription Database (anatomical therapeutic chemical codes are provided in the supplementary material, Table S1 ). 9 Treatment was defined as reimbursement for a redeemed prescription between 6 months before and 1 month after the index CAG date. 
Myocardial infarction
Results
A total of 12,594 diabetes patients underwent CAG during the study period. Among these patients, 3,147 (25.0%) had 0-VD, 1,195 (9.5%) had diffuse VD, 3,001 (23.8%) had 1-VD, 2,220 (17.6%) had 2-VD, and 3,031 (24.1%) had 3-VD ( Figure 1 ). Median follow-up-time was 3.0 years (Q 1 -Q 3 : 1.1-5.0 years), for a total of 45,164 person-years. None were lost to follow-up.
Baseline characteristics
Diabetes patients with obstructive CAD (1-3 VD) were more often male, older, active smokers, and with reimbursed prescriptions for aspirin, statins, β-blockers, calcium channel blockers, ACE-inhibitors, and ADP receptor inhibitors than patients without obstructive CAD (Table 1) . Furthermore, patients with obstructive CAD were more likely to undergo acute or subacute CAG.
Clinical endpoints
During the follow-up period, 949 patients had an MI and 2,443 patients died. Numbers of events stratified by extent of CAD are summarized in Table 2 . Cumulative 5-year incidence proportion curves for MI, death, and MACE are displayed in Figure 2 .
We observed an incremental increase in the MI event rate per 100 person-years by extent of CAD (Table 2) . Patients with 0-VD (0.4 MI per 100 person-years) had the lowest risk and patients with 3-VD (4.3 MI per 100 person-years) had the highest risk. Using patients with 0-VD as reference, the risk of MI increased by number of diseased vessels (Table 2 ; p trend <0.001).
For all-cause death, event rates also increased according to the number of diseased vessels (Table 2) . Patients with 0-VD had the lowest risk (3.1 deaths per 100 person-years) and patients with 3-VD the highest risk (8.1 deaths per 100 person-years). Using patients with 0-VD as reference, the risk of death increased by number of diseased vessels (Table 2 ; p trend <0.001).
For MACE, we similarly observed increasing event rates by extent of CAD (Table 2) . Patients with 0-VD had the lowest risk (1.7 deaths per 100 person-years) and patients with 3-VD the highest risk (8.7 deaths per 100 person-years). Using patients with 0-VD as reference, the risk of MACE increased by number of diseased vessels (Table 2 ; p trend <0.001).
For both MI, death, and MACE, the curves, and thus the risk, for different extents of CAD continued to diverge, rather than stabilize, over at least a 5-year period (Figure 2 ). Subgroup analysis of patients undergoing elective CAG, yielded similar results of both MI and death (Table 3) .
Discussion
The present study's primary finding is that the extent of CAD ascertained by CAG in diabetes patients was associated with an increased rate of MI, all-cause death, and MACE in our cohort with a median of 3.0 years and a seventy-fifth percentile of 5.0 years follow-up.
The current study expands a previous report based on the same patient cohort. 4 The earlier report showed that (i) diabetes patients without CAD have a similar risk of MI as non-diabetes patients without CAD, and (ii) diabetes patients with CAD have a higher risk of MI than nondiabetes patients with CAD. In the current analysis, we extend these results by showing that it is not only the presence but also the extent of CAD that defines the risk of MI and death among diabetes patients. Furthermore, we show that the differences in risk continue to increase, rather than stabilize, over at least a 5-year period. It is important to note that our study included diabetes patients undergoing CAG for a clinical indication. Therefore, our conclusions are not necessarily applicable for asymptomatic patients with diabetes. A cohort study of US veterans undergoing elective coronary angiography for CAD, also found that increasing extent of CAD was associated with a progressively greater risk of MI and all-cause mortality, both in a mixed cohort (N=37,674) and in a diabetes subgroup (N=15,699). 1 The study differed from ours in several important aspects. First, US veterans are not representative of a general CAG cohort, being 90% male, 39% obese, and 26% having posttraumatic stress disorder. At the same time, our study population does not represent ethnic subgroups, since the Danish population is primarily Caucasian. Second, follow-up was limited to 1 year in the US veteran cohort, compared to a median of 3 years and a seventyfifth percentile of 5 years in our study. Third, the US veterans study included only elective patients, while our cohort consisted of consecutive patients, among whom a high proportion had an acute coronary syndrome. Fourth, it should be noted that the two studies used different definitions of vascular disease. In the study of US veterans, nonobstructive VD was defined as ≥1 stenosis ≥20% but <70% and obstructive VD was defined as any stenosis ≥70% or left main stenosis ≥50%. 1 Despite these differences, our study-including our subgroup analysis for elective patients only-and the US veterans study had consistent results, with both finding an incremental risk of adverse cardiac events with increasing extent of CAD. The CONFIRM (Coronary CT Angiography Evaluation for Clinical Outcomes: An International Multicenter) registry followed 1,823 diabetes patients for 5 years, using coronary computed tomography angiography (CCTA).
2 Similar to the current study, mortality increased with the extent of CAD in the CONFIRM diabetes cohort. However, the CONFIRM diabetes analysis did not examine MI as an individual endpoint. Instead, MACE (defined as death, MI, unstable angina, or late coronary revascularization) was examined in a subgroup of diabetes patients (N=973) and showed a similar incremental association between CAD extent and MACE occurrence. The CONFIRM diabetes cohort enrolled elective patients, unlike our study, which enrolled all-comers including a high proportion of patients with acute coronary syndromes. Out study extends previous 1-year CAG data out to 5 years and also represents consecutively enrolled patients, many exhibiting acute coronary syndromes, rather than elective patients. Further, we find comparable results in comparison to an elective CCTA cohort. The fact that these studies, despite being performed in different countries, in elective and all-comer cohorts, and using different imaging modalities, strengthen the conclusions and the external validity.
The CAG and CCTA studies described above provide a rationale for performing prospective randomized studies to test individualized primary prophylactic strategies. Only a single randomized clinical trial has examined targeted patient care guided by CCTA vs optimal patient care in asymptomatic diabetes patients. 15 The trial did not find screening of CAD beneficial as screening did not reduce the composite rate of allcause mortality, nonfatal MI, or unstable angina requiring hospitalization at 4 years. However, the trial predominantly included low-risk diabetes patients with normal or nonobstructive CAD, which nearly eliminated the probability of detecting differences in outcomes. Rather than randomizing asymptomatic patients to CCTA or not, we suggest that CCTA should be used for risk stratification before randomization. Based on the current results, it seems likely that asymptomatic patients with diabetes and obstructive 2-VD and 3-VD will benefit from intensive prophylactic medical treatments, eg with novel strategies such as sodium-glucose cotransporter-2 (SGLT-2) inhibitors, 16 glucagon-like peptide-1 (GLP-1)
analogues, 17, 18 PCSK9 inhibitors, 19 and the monoclonal antibody canakinumab targeting interleukin-1β. 20 However, this has to be tested in prospective randomized clinical trials. The ASCEND (A Study of Cardiovascular Events in Diabetes) study 21 recently examined whether aspirin should be used as primary prophylactic treatment in diabetes patients. It showed that the benefits of aspirin with prevention of serious vascular events (12% reduced relative risk) were largely counterbalanced by a high occurrence of major bleeding events (29% higher relative risk), when used for primary prevention in diabetes patients. This questions the use of aspirin as primary prophylaxis in patients with asymptomatic CAD. 21 In our study, diabetes patients with 0-VD exhibited a low cardiovascular risk and it may be considered to discontinue treatment with aspirin in these patients. As our results confirm, the 0-VD patients have a very low risk of MI, so they will only have the risk of bleeding complications with aspirin treatment. a Adjusted for age, sex, modified Charlson Comorbidity Index score, hypertension, smoking status, and for treatment with aspirin, statins, adenosine diphosphate receptor inhibitors, β-blockers, ACE-inhibitors, angiotensin-II receptor blockers, and calcium channel blockers, using patients with 0-VD as reference. Abbreviations: VD, vessel disease; IRR; incidence rate ratio; MACE, major adverse cardiovascular events. 
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As our study relied on registry data, we cannot exclude the possibility of the impact of unmeasured confounding. Another limitation is that we could not differentiate between type of diabetes. As well, we could not establish the duration of diabetes, which is associated with higher extent of CAD and higher risk of major adverse cardiovascular and cerebrovascular events. [22] [23] [24] The inclusion period lasted from 2004 to 2012. In this period, acute care of acute coronary syndromes was substantially improved by pre-hospital triage based on in-ambulance ECG leading to bypassing of referral hospitals and direct transfer to tertiary hospitals with invasive facilities, and by the introduction of drug-eluting stents. CAG has some important limitations to address. First, CAG does not describe lesion morphology and plaque vulnerability in the vessel wall. Second, it is an invasive procedure, which limits its use as a screening modality. Third, as classification of CAD is based on visual angiographic assessment by the treating physician during CAG, we cannot exclude a minor degree of interobserver variation. Fourth, we stratified CAD according to the number of coronary arteries with obstructive CAD. This is a simplification of a spectrum of CAD and the results must be interpreted in this context. With the current classification we were nevertheless able to identify diabetes patients at low, intermediate, and high risk. We were unable to further stratify patients according to the number of coronary segments/arteries with nonobstructive CAD since only significant lesions are registered in the WDHR. Moreover, we cannot determine which patients received revascularization therapy, which can affect their prognosis. Finally, our study was limited to a seventy-fifth percentile of 5.0 years follow-up and interpretation of our data should be restricted to this period.
Conclusion
Increasing extent of obstructive CAD in diabetes patients was associated with an incremental rate of MI, death, and MACE for at least 5 years. Thus, assessment of CAD extent can assist in identifying diabetes patients at high risk of cardiovascular events, who may benefit the most from primary prophylactic measures.
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